Concerns about climate change and rising fuel costs are driving a search for cheap, widely available photovoltaics to harness solar energy. Organic photovoltaics offer the potential to greatly decrease the cost and availability of photovoltaic energy due to lower material and manufacturing costs. The certified power conversion efficiency (PCE) of state-of-the-art plastic solar cells is 4-5%. 1, 2 While this is adequate for the first commercial applications, developers are aggressively seeking to increase the PCE to allow for a broader market.
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The best-performing organic photovoltaic device architecture uses the so-called bulk heterojunction configuration (see Figure 1) , which consists of a polymer electron donor (p-type) and fullerene-derivative electron acceptor (n-type) mixture in the active layer. Improving the properties of the p-type and n-type materials are key areas of research and development for increasing the PCE. With optimal materials the performance of plastic solar devices could theoretically approach the best silicon devices. 3 In terms of new materials development, most of the focus has been on improving the electronic properties of the electronic polymer p-type. 3 While several new generations of polymer p-types have provided advances over the last 10 years, the n-type used in state-of-the-art systems over the last 12 years has almost exclusively been methanofullerene phenyl-C 61 -butyric-acid-methyl-ester ([60]PCBM). Only the related molecule [70]PCBM, 4 which has a higher optical absorption, provided any significant improvement, but only for a previous, now outmoded, generation of polymer p-types. Various fullerene derivatives have been tested, but until now no improvement has been seen with the modern p-types, poly (3-hexylthiophene) (P3HT) or the newer generation of lowbandgap conducting polymers.
Various strategies have been tried to improve performance of the fullerene derivative n-type, with varying degrees of success: increasing the optical absorption; 4 improving solubility; 5 improving miscibility with the p-type; 6 and increasing the energy level of the lowest unoccupied molecular orbital (LUMO). 7 It has been shown that the open circuit voltage (V OC ) of the solar device is a function of the energy gap between the highest occupied molecular orbital (HOMO) in the donor and the LUMO in the acceptor. As a result, increasing the LUMO in a wide range of donors could could significantly increase V OC when they are paired with P3HT and other acceptor polymers of similar properties. Significant increases in PCE could result.
We previously used electron-donating groups to influence the electronic properties of the fullerene cage, and this confirmed that a raised LUMO in the acceptor improves V OC . 7 However, the change in the LUMO is small, and problems arise in fabrication of good devices due to poor solubility. A much more effective approach is to raise the LUMO by altering the fullerene cage by adding multiple substituents directly to it. 8 Importantly, bis-[60]PCBM also is highly soluble in aromatic solvents, an order of magnitude more soluble than [60]PCBM, so processing is convenient for fabrication of solar cell devices. bis-[60]PCBM was used as a substitute for [60]PCBM in devices based on the well-known P3HT:acceptor configuration. Opti mal conditions were obtained by using slightly more n-type in the blend at slightly thinner film thickness. Otherwise, pro cessing conditions were the same, i.e., o-dichlorobenzene was used in combination with thermal annealing. The resulting optimized devices gave a certified (Energy Research Centre of the Netherlands, ECN) efficiency of 4.5% compared to 3.8%, which is among the highest public certified efficiencies recorded for a P3HT organic solar device. The broad commercial viability of organic solar cells demands increased performance in terms of PCE. So far, these increases are being driven by improvements in materials properties. Organic electronics offer the advantage of a wide variety of techniques, and materials are available, providing opportunities for improvement. With the present approach we have finally succeeded in altering the electronic properties of the n-type sufficiently for a significant improvement in device performance. Similar performance increases are expected for other polymers, and in principle the same ∼20% improvement is possible. Importantly, the processability and ease of synthesis of the commonly used [60]PCBM has been preserved, and bis-[60]PCBM may even offer additional advantages in larger-scale printing due to its greatly increased solubility. 
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